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ABSTRACT
Introduction: Bronchial asthma (BA) and obstructive sleep apnea syndrome (OSAS) are
common causes of respiratory disturbance. Many cases of patients with both conditions
have been reported, and BA and OSAS may exacerbate each other, but information
remains sparse.
Methods: We retrospectively evaluated 60 patients under treatment for BA in our depart-
ment between April 2016 and March 2018 who also underwent portable polysomnography
(PSG) for suspected OSAS to assess potential association between PSG results and asthma
treatment or respiratory function. BA was diagnosed and treated according to the Asthma
Prevention and Management Guideline 2015.
Results: We found that BA treatment intensity step was significantly higher for patients
with BA who had concurrent moderate or severe OSAS (p¼ 0.0016). However, neither
respiratory function, fraction of exhaled nitric oxide (FeNO), nor forced oscillation technique
(FOT) differed significantly between patients with and without OSAS, and apnea hypopnea
index was not significantly correlated with respiratory function, FeNO or FOT parameters.
Conclusion: We conclude that even though BA patients with OSAS had good respiratory
function, their BA was more severe than that of patients without OSAS, suggesting that
OSAS may exacerbate BA. Background factors and asthma parameters were not predictive
of PSG results, and patients with suspected OSAS should be evaluated proactively by
using PSG.
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Introduction

Bronchial asthma (BA) and obstructive sleep apnea
syndrome (OSAS) are common in Japan, both having
a prevalence of around 5% (1,2), and they both can
cause nocturnal respiratory failure. A high proportion
of patients have both BA and OSAS, which are
known to exacerbate each other (2,3). The nocturnal
upper airway stenosis and nocturnal hypoxia of
OSAS have the potential to aggravate BA symptoms
directly. In addition, TNF-a, interleukin-6, vascular
endothelial growth factor, leptin, and other inflamma-
tory mediators and adipokines produced during
OSAS are believed to induce airway changes and sen-
sitization, indirectly aggravating BA and making it
intractable to treatment (2,4,5). Several epidemiologic

studies have shown that BA patients are more likely
than the public as a whole to have OSAS (6–8), thus
suggesting an interaction between BA and OSAS. In
OSAS patients who develop BA, the lower airway
stenosis due to BA increases the treatment intractabil-
ity of OSAS, and BA-associated allergic rhinitis and
steroid treatment may further exacerbate OSAS (2,4).
Other studies, however, have failed to identify a dir-
ect interaction between OSAS and BA (9), and a clear
consensus regarding the effects of OSAS and BA on
each other has yet to be reached.

Although some studies have shown that treating
OSAS in patients with both BA and OSAS enables
reduction of BA treatment (10,11), others indicate
that this improvement is restricted to the nocturnal

CONTACT Baku Oyama b2oyama@marianna-u.ac.jp Division of Respiratory Diseases, Saint Marianna University School of Medicine, 2-16-1, Suga
Miyamae-ku Kawasaki-shi, Kawasaki 216-8511, Japan.
Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/ijas.
� 2019 The Author(s). Published with license by Taylor & Francis Group, LLC.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-
nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed,
or built upon in any way.

JOURNAL OF ASTHMA
https://doi.org/10.1080/02770903.2019.1652643

http://crossmark.crossref.org/dialog/?doi=10.1080/02770903.2019.1652643&domain=pdf&date_stamp=2019-08-28
http://www.tandfonline.com/ijas
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org./10.1080/02770903.2019.1652643
http://www.tandfonline.com


symptoms of OSAS and unrelated to respiratory
function or BA symptoms (9,12). Therefore, the
association between OSAS and BA remains unclear.
In daily asthma medical care, useful tests for
asthmatic patients are increasing, such as FeNO
(Th2 inflammatory marker) or forced oscillation
test (FOT: airway resistance and lung compliance).
If some methods detect SAS in asthmatic patients
more easily, it is useful in clinical situation of
asthma treatment.

In this study, we hypothesized that some factors
detect SAS in asthmatic patients and we investigated
the association between BA and OSAS by calculat-
ing the apnea hypopnea index (AHI), an index of
OSAS severity, in BA patients who were evaluated
for suspected OSAS by using simple polysomnogra-
phy (PSG). We compared the PSG results with
patients’ scores for several BA assessment parame-
ters, including severity, respiratory function, forced
oscillation technique (FOT) parameters, fraction of
exhaled nitric oxide (FeNO), and BA treatment
intensity step.

Patients and methods

We retrospectively compared 60 patients with BA
who were treated in the Division of Respiratory
Medicine of St. Marianna University School of
Medicine Yokoyama City Seibu Hospital and who
were investigated between 1 April 2016 and 31 March
2018 for suspected OSAS for reasons including noc-
turnal snoring, dyspnea, laryngopharngeal reflux, or
obesity. BA was diagnosed according to Asthma
Prevention and Management Guideline 2015 (1), and
treatment was adjusted as required by the attending

physician in accordance with this guideline. Rhinitis
and laryngopharngeal reflux was diagnosed through
interview. Patients who did not undergo simple PSG,
those with thoracic deformity, those known to have
another respiratory disorder, pregnant and lactating
women, and patients hospitalized for lower respiratory
tract infection were excluded. OSAS was assessed by
portable PSG (SAS-2100, Nihon Kohden, Tokyo,
Japan) and the AHI was calculated. BA was assessed
by FeNO measurement (NIOX VERO, Chest M.I.,
Tokyo, Japan) carried out during PSG, spirometry
(AC8800, Chest M.I., Tokyo, Japan), and FOT by a
MostGraph-01 (Chest M.I., Tokyo, Japan). The tests
were conducted by experienced technicians in the
Clinical Laboratory of St. Marianna University School
of Medicine Yokoyama City Seibu Hospital.

Statistical analysis was completed by using SPSS
version 20 (IBM, New York, NY). All parameters
were expressed as means and standard deviations.
Groups were compared by using a v2 test or a
Mann–Whitney U test, with p< 0.05 regarded as
significant. Correlations between parameters were
investigated by using Pearson’s correlation coeffi-
cient, with p< 0.05 regarded as significant. In
addition, Mantel–Haenzel test were performed to
exclude confounding factors for chi-square test.
Parameters were investigated by using this test coef-
ficient, with p< 0.05 and HR > 1 (95% CI) regarded
as significant. Sleep study level is 3 as using portable
PSG.

Because FeNO was not conducted during the study
period in seven cases and MostGraph testing was not
done in 3, those patients were excluded from the indi-
vidual analyses of these parameters.

This study was approved by the Clinical Study
Group of St. Marianna University Medical School
(University No. 4105) and Seibu Hospital (Seibu No.
726) on August 21, 2018.

Results

Patient attributes are shown in Table 1. The study
subjects comprised 60 patients (12 men and 48
women) who were 65.00 ± 13.38 years (mean ± 1 SD)
of age and had a body mass index (BMI) of
26.54 ± 4.78. The treatment step as defined according
to Asthma Prevention and Management Guideline
2015 (1) was Step 3 for 25 subjects and Step 4 for
the remaining 35. AHI was 0.4–73.1 (19.33 ± 16.88),
percentage forced vital capacity in 1 s was 50–160%
(104.05±21.89%), and FeNO was 5–129 ppb (31.64 ±
28.53 ppb). Most graph parameters were: R5,

Table 1. Patient demographics.
No. 60
Sex (male/female) 12/48
Age 65.00 ± 13.38
BMI 26.54 ± 4.78
BA treatment step (1/2/3/4) 0/0/25/35
ICS (lg/day, budesonide equivalent) 1334 ± 570
FEV1 (L) 2.054 ± 0.767
%FEV1 (% of predicted) 104.05 ± 21.89
FEV1/FVC (%) 73.51 ± 11.41
FeNOvero (ppb) 31.6 ± 28.5
R5 (cmH2O/L/s) 4.34 ± 2.36
R20 (cmH2O/L/s) 3.46 ± 1.41
X5 (cmH2O/L/s) –1.31 ± 2.02
Resonance frequency (Hz) 10.09 ± 5.07
ALX (cmH2O/L/s) 10.84 ± 19.0
AHI 19.33 ± 16.88
Rhintis 44
Laryngopharngeal reflux 19

Data are presented as means ±1 SD. n¼ 60 except ICS (59), FeNO (n¼ 53)
and FOT (n¼ 57). FEV1: forced expiratory volume in the first second. The
fraction of exhaled nitric oxide; ICS: inhaled corticosteroid.
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1.73–13.2 cmH20/L/S (4.34±2.36 cmH20/L/S); X5, –9.57
to 0.83 cmH20/L/S (–1.31±2.02 cmH20/L/S); and res-
onant frequency, 4–27.4 (10.09±5.07).

We investigated the association between BA assess-
ment parameters and the OSAS parameters of AHI
and minimum SpO2 but found no clear correlation in
any case (Table 2). When we divided patients into

those with mild OSAS (AHI < 15) and moderate or
severe OSAS (AHI � 15) and used a v2 test to investi-
gate the effect of BA treatment step on OSAS, signifi-
cantly more of the patients with moderate or severe
OSAS were undergoing Step 4 treatment (p¼ 0.0016)
(Figure 1), but there were no significant differences
between the two groups in terms of respiratory func-
tion, FeNO, or any of the FOT parameters (Table 3).
In addition, rhinitis had no significant effect on AHI,
such that we considered that rhinitis and AHI were
not associated (Table 4). We divided patients into an
overweight group (BMI � 25) and a nonoverweight
group (BMI < 25), and compared the AHI values
and treatment steps of the two groups to investigate
the effect of obesity. In the overweight group,

Table 2. Correlation between various parameters and AHI or lowest SpO2 at PSG.
AHI Lowest SpO2

r p r p

BMI 26.54 ± 4.78 0.169 0.19 �0.16 0.22
FEV1 (L) 2.054 ± 0.767 0.77 0.55 0.015 0.91
%FEV1 (% of predicted) 104.05 ± 2 1.89 0.22 0.092 �0.064 0.62
FEV1/FVC (%) 73.51 ± 11.41 0.093 0.47 �0.018 0.89
FeNOvero (ppb) 31.6 ± 28.5 0.07 0.608 0.10 0.46
R5 (cmH2O/L/s) 4.34 ± 2.36 �0.075 0.58 �0.14 0.30
R20 (cmH2O/L/s) 3.46 ± 1.41 �0.12 0.37 �0.058 0.67
X5 (cmH2O/L/s) �1.31 ± 2.02 �0.015 0.91 0.12 0.39
Resonance frequency (Hz) 10.09 ± 5.07 �0.04 0.77 �0.12 0.38
ALX (cmH2O/L/s) 10.84 ± 19.0 �0.013 0.92 �0.10 0.47

Data are presented as means ±1 SD. n¼ 60 for all comparisons, except FeNO (n¼ 53) and FOT (n¼ 57).
r: Pearson correlation among parameters.

AHI 15 AHI 15

Step 3 22 3

Step 4 17 18

χ2, p = 0.0016

n = 60

A
H

I

Figure 1. Comparison of patient characteristics between low AHI and high AHI groups.

Table 3. Comparison of patient characteristics between low
AHI and high AHI groups.

AHI ＜ 15 15 � AHI p

BMI 26.02 ± 4.84 27.53 ± 4.503 0.17
FEV1 (L) 1.98 ± 0.74 2.20 ± 0.80 0.27
%FEV1 (% of predicted) 100.55 ± 22.48 110.42 ± 19.16 0.16
FEV1/FVC (%) 71.47 ± 11.87 77.30 ± 9.39 0.045
FeNOvero (ppb) 33.57 ± 31.24 27.19 ± 20.29 0.79
R5 (cmH2O/L/s) 4.41 ± 2.50 4.21 ± 2.04 0.97
R20 (cmH2O/L/s) 3.57 ± 1.45 3.23 ± 1.29 0.43
X5 (cmH2O/L/s) �1.30 ± 1.92 �1.33 ± 2.22 0.98
Resonance frequency (Hz) 10.23 ± 5.08 9.79 ± 5.04 0.82
ALX (cmH2O/L/s) 9.37 ± 15.57 9.82 ± 22.82 0.81

Mann–Whitney U tests were used to obtain p values. Data are presented
as means ±1 SD. n¼ 60 for all comparisons, except FeNO (n¼ 53) and
FOT (n¼ 57).

Table 4. Relationship between rhinitis and AHI.
AHI < 15 AHI � 15

allergic rhinitis－ 12 4
allergic rhinitis ＋ 27 17

v2, p¼ 0.50; n¼ 60.
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patients with higher AHI were significantly more
likely to be at treatment step 4 (p¼ 0.0028), but there
was no clear association between AHI score and treat-
ment step in the nonoverweight group (Figure 2). To
eliminate the confounding factor of obesity,
Mantel–Haenzel test was performed. It shows that
patients with higher AHI were significantly more
likely to be at treatment step 4 with or without obesity
(p¼ 0.003). The relative risk of higher AHI (AHI �

15) to the frequency of STEP4 is 10.667 (95% CI:
2.283–49.838). There was a significant correlation with
or without obesity. As for gender differences, there
were few men and could not do significant statistics.
The effects of GERD and medication were not clear.

Discussion

We found that patients with more severe OSAS were
significantly more likely to be at BA treatment step 4,
and this tendency was more pronounced in patients
with a high BMI. However, neither AHI nor min-
imum SpO2 were correlated with any BA parameter.
In addition, we did not find factors to detect SAS effi-
ciently by the measurement of spirometry, FOT
or FENO.

We propose two potential explanations for the fact
that patients with serious OSAS were more likely to
be at BA Treatment Step 4 irrespective of respiratory
function: (1) obesity itself, which is a common risk
factor for both BA and OSAS, led to the aggravation
of BA; and (2) the direct and indirect adverse effects
of OSAS on BA increased its severity.

Regarding the first possible explanation, obesity is
an important factor contributing to the severity of BA
(explanation 1), and epidemiologic studies have shown
that this association is particularly strong in women
(13,14). In addition, obesity is a known risk factor for
OSAS (15) and may have both worsened BA and
OSAS. In this study, AHI had a strong effect on BA
treatment intensity step in patients with a higher BMI.
Even if the effect of obesity is excluded by the
Mantel–Haenzel test, the severity of asthma was
related to the severity of SAS.

In terms of possible direct and indirect adverse
effects of OSAS on BA (explanation 2), we did not
observe any direct effects in this study, given the lack
of correlation between AHI or minimum SpO2 and
either BA treatment step or respiratory function.
Moreover, because we did not evaluate the levels of
any inflammatory mediators, we were also unable to
assess potential indirect effects. Prolonged evaluation
of patients treated for OSAS is required to address
this point. A literature search yielded several reports
in which patients with both OSAS and BA who
received continuous positive airway pressure (CPAP)
treatment for OSAS also demonstrated decreased BA
(10–12,16,17). In some of these cases, the reports also
noted decreased airway sensitivity (16) or decreased
inflammatory mediator release in obese persons (10),
suggesting that the presence of SAS may have a nega-
tive effect on BA control. However, other reports indi-
cate that although CPAP ameliorated SAS, this
therapy had no effect on BA (9,17). Consequently, no
consensus has been achieved, and additional studies
are warranted.

BMI 25 AHI < 15 AHI 15

Step 3 12 5

Step 4 4 15

χ2, p = 0.0028

n = 36

STEP

A
H

I
Figure 2. Comparison of level of asthma treatment between high and low AHI in the overweight group.
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We also found little correlation between patient
attributes or BA assessment parameters and portable
PSG results, with no factor predictive of a high AHI.
Previous reports have suggested that concomitant
rhinitis may worsen BA (18), but this association was
not significant in our current study. Because the noc-
turnal symptoms of BA and SAS do not overlap,
evaluation by PSG is required.

This study had several limitations. This was a
cross-sectional retrospective study, and because the
subjects had undergone testing for clinical purposes, it
may have been affected by the clinical attitudes of the
attending physicians concerned. The circumstances
under which clinical intervention occurred were
unclear, and although BA assessment was conducted
during the same time period as PSG, the tests were
not done simultaneously. In addition, tests were con-
ducted during the day, meaning that differences in
respiratory function between sitting and lying down
or between day and night were not considered.
Prospective all-case studies and the collection of add-
itional case studies are required to ascertain the fre-
quency with which OSAS and BA occur together and
to identify those patients who would benefit from
therapeutic intervention.

Conclusions

We found that patients with high AHI tended to
require treatment for serious BA despite having good
respiratory function. This association suggests that
OSAS should be suspected in BA patients with
unstable symptoms and that this potential comorbid-
ity should actively be investigated through PSG.
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